Influence of asymmetry on superfluidity of nuclear matter with triplet-singlet pairing of nucleons (in spin and isospin spaces) is considered within the framework of a Fermi-liquid theory. Solutions of self-consistent equations for the critical temperature and the energy gap at T = 0 are obtained. It is shown, that the backward influence of pairing correlations through the normal distribution functions of nucleons leads to the qualitative change: instead of two-valued behavior the energy gap has universal one-valued behavior. At T = 0 superfluidity arises as a result of a first order phase transition in density.
Introduction. The presence of neutron superfluidity in the crust and the inner part of neutron stars is one of the features that is considered well established in the physics of these compact stellar objects. At low density, and therefore in the outer part of a neutron star, the neutron superfluidity should be mainly in the 1 S 0 channel. At higher density, the nuclei in the crust dissolve and one expects a region consisting of a quantum liquid of neutrons (n) and protons (p). If neutron and proton number densities differ significantly, then superfluidity is caused by nn and pp pairing correlations. In the opposite case, when neutron and proton densities are approximately equal -just this situation is predicted by some modern relativistic mean-field theories [1, 2] -superfluidity is governed by np pairing correlations. We shall study the last case and, namely, we shall investigate influence of isospin asymmetry on the critical temperature, energy gap of nuclear matter with np pairing correlations. Precise knowledge of the pairing gap is of paramount relevance for the cooling of neutron stars, and different values of the gap correspond to drastically different scenarios for the cooling process [3] . The main focus of our calculations will be studying the backward influence of the pairing correlations through the normal distribution functions of nucleons on the magnitude of the energy gap.
Earlier the problem to be considered was treated with various approaches and potentials of NN interaction [4, 5, 6] . One of the main shortcomings of these works is the use of the bare interaction in the gap equation. This might appear to be a very strong simplification, because medium polarization strongly reduces the magnitude of the gap. In principle, the effective pairing interaction should be obtained by means of Brueckner renormalization, which gives the correct interaction after modifying the bare interaction for the effect of nuclear medium. However, the issue of microscopic many-body calculation of the effective pairing potential is a complex one and still is not solved. For this reason, it is quite natural step to develop some kind of a phenomenological theory, where instead of microscopical calculation of the pairing interaction one exploits the phenomenological effective interaction. Further as a potential of NN interaction we choose the Skyrme effective forces, describing interaction of two nucleons in the presence of nucleon medium.
Basic equations. The basic formalism is laid out in more detail in Ref. [7] , where superfluidity of symmetric nuclear matter was studied. As was shown there, superfluidity with triplet-singlet (TS) pairing of nucleons (total spin S and isospin T of a pair are equal S = 1, T = 0) is realized near the saturation density in symmetric nuclear matter with the Skyrme interaction. Therefore, further we shall study influence of asymmetry on superfluid properties of TS phase of nuclear matter. For the states with the projections of total spin and isospin S z = T z = 0 the normal distribution function f and the anomalous distribution function g have the form
where σ i , τ k are the Pauli matrices in spin and isospin spaces. The operator of quasiparticle energy ε and the matrix order parameter ∆ of the system for the energy functional, being invariant with respect to rotations in spin and isospin spaces, have the analogous structure:
The self-consistent equations for determining the quantities ε and ∆ can be obtained with the use of the variational principle for the thermodynamic potential [8] and have the form:
Here
T is temperature, ̺ p , ̺ n are the partial number densities of protons and neutrons, m 00 , m 03 are the effective nucleon mass and the effective isovector mass, defined in the case of Skyrme interaction by the formulae:
̺ = ̺ p + ̺ n and α = (̺ n − ̺ p )/̺ are density and asymmetry parameter of nuclear matter, t i , x i , β are some phenomenological parameters, which differ for various versions of the Skyrme forces (later we shall use the SkP potential [9] ). The anomalous interaction amplitude V 1 in the Skyrme model reads [7] 
The chemical potentials µ 00 , µ 03 are determined from Eqs. (4), (5) and in the leading approximation on the ratios T /ε F , ∆/ε F have the form
where k Fp,n = (3π 2 ̺ p,n ) 1/3 , m p and m n are the proton and neutron effective masses, defined
Critical temperature. The critical temperature of transition to TS superfluid phase is found from Eq. (3), determining the energy gap, in the linear on ∆ approximation. Considering, that the interaction amplitude V 1 is not equal to zero only in a narrow layer near the Fermi-surface, |ξ 00 | ≤ θ (we will set θ = 0.1µ 00 ) and entering new variables x = ξ 00 /µ 00 , θ 0 = θ/µ 00 , T µ = T /µ 00 , we present this equation in the form
The results of numerical integration of Eq. Figure 1 : Critical temperature as a function of density of asymmetry α there exist such regions of large and low densities of nuclear matter, for which we have two critical temperatures. When α increases, these regions begin to approach and at some value α = α c (α c ≈ 0.071) there takes place contiguity of the regions, so that we have always only two critical temperatures (for the regions, where solutions exist). For α > α c the phase curves come off the density axis and turn into the closed oval curves. Under further increasing of α the dimension of the oval curves is reduced and at some α = α m the oval curves contract to a point (α m ≈ 0.092). For the values α > α m the triplet-singlet superfluidity fails. Note, that our results concerning two-valued behavior of the critical temperature qualitatively agree with the results of Ref. [5] , where 3 D 2 pairing of nucleons with the Paris NN potential was considered.
Energy gap at T = 0. As follows from Eq. (3), equation, determining the energy gap at T = 0, has the form:
Passing in Eq. (10) to integration on a layer, we arrive at the equation for determining the dimensionless gap y = ∆ 30 /µ 00 : In particular, such values of the gap, density and asymmetry parameter of nuclear matter are possible, that this function has no roots with respect to x. In this case the whole domain from −θ 0 to θ 0 gives the contribution to the integral in Eq. (11) and we arrive at the equation of the BCS type at T = 0 with the solution y = θ 0 /(sinh(1/g)).
Let us find first the solutions of Eq. (11) in the case, when the chemical potentials µ 00 , µ 03 are given in the main approximation on ∆/ε F . The results of numerical integration of Eq. (11) are presented in Fig. 2 . In the case of symmetric nuclear matter (α = 0) we obtain the phase curve with one-valued behavior of the gap. For small values of asymmetry α there exist such regions of large and low densities of nuclear matter (excluding some vicinity of the point ̺ = 0), for which we have two values of the energy gap, where one of these values is the solution of the BCS type and practically coincides with the corresponding value of the gap for the case α = 0. When α increases, these regions begin to approach and at some value α = α c (the same as for the phase curves T c (̺)) there takes place contiguity of the regions with two solutions. For α > α c two branches of the phase curves come off the density axis and combine to one curve, beginning and ending in some points of the phase curve with α = 0. When α increases further, these points move (11) for different α. It is seen, that taking account of the feedback of the finite size of the gap through the normal distribution functions f 00 , f 03 leads to the qualitative change: instead of the two-valued behavior of the gap we have universal one-valued behavior. The second solution in uncoupled scheme, to which corresponds the smaller gap width, under iterations tends to the first solution, which is practically indistinguishable from the BCS solution at α = 0 in uncoupled scheme (in the figure scale the corresponding parts of the curves practically coincide). Taking account of the finiteness of the gap results in reduction of the threshold asymmetry, at which superfluidity disappears, to the value α ′ m ≈ 0.029. As at α = 0 the gap is everywhere finite, superfluidity arises and disappears under changing density by means of the first order phase transition. In principle, this phase transition can be observed in laboratory conditions under study of intermediate heavy ion reactions. If to assume, that the final stage of the reaction can be described as an expansion of a compound nucleon system [10] , formed in heavy ion collision, then under lowering density this disassembling phase can undergo a first order phase transition in density from the normal to superfluid state.
The temperature dependence of the energy gap was studied in Refs. [6, 11] with the use of the bare interaction in the gap equation in the form of Paris and Argonne V 14 potential, respectively. Our results agree qualitatively with theirs at T = 0. However, in our calculations with the effective, density-dependent NN interaction we obtain the gap as a function of density (not at fixed density) and this allows to predict the possibility of a first order phase transition in density to superfluid state. Among another problems we note here the study of multi-gap superfluidity [12] in asymmetric nuclear matter.
